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METHOD AND APPARATUS POP. DETERMINING FIGURE 



DETAILED EXPLANATION OF THE INVENTION 



Field of the Invention 

The present invention relates to a method and 
apparatus for determining a flgure such as a r6£[ular 
polygon at a practical accuracy of engineering without the 
accurate measurement of lengths or angles. 

Prior Art 

m the excavation of a boring hole, for example, the 
-st effective manner of horing is to rotate the drill bit 
and in this case the resulting horing hole has a circular 
cross-sectional shape naturally, However, if lt ls 
Possible to bore a boring hole having a quadrilateral 
cross-sectional shape, the boring step would be efficient 
with regard to the quantity of removed soil. 

In reforming foundations . for example . the boring step 
*or boring holes, each of which has a circular cross- 
sectional shape, generates many overlapping sections 
inherently, whereas the boring step for boring holes having 
a hexagonal cross-sectional shape can cut the entire wor* 
surface without such the overlapping section. 

Besides the civil engineering works mentioned above 
there are various advantages in applying non-circular 



# • 



figures in the machining, designing, and other engineering 
fields. 

At the application of this concept to the engineering, 
it has been necessary for the conventional techniques to 
measure lengths or angles accurately in determining non- 
circular figures . It has been a costly labor- demanding work 
to carry out the high- accuracy measurement of lengths or 
angles for the determination of figures in various 
engineering works or at various sites of civil engineering. 

In other words , there is not available at the present 
stage a scheme of determining non-circular figures without 
the need of the accurate measurement of lengths or angles. 

Summary of the Invention 

In view of the above-mentioned situation, it is an 
object of the present invention to provide a method and 
apparatus for determining a figure capable of determining 
a figure of noh- circular cross -sectional shape, 
particularly a regular polygonal figure, without the 
accurate measurement of lengths or angles . 

The inventor of the present invention has found the 
following technical contents as a result of studies. 

(A) Assuming a plane on which there are the sun S , earth 
E and moon M, the sun S is located at the center as a first 
point, the earth E is as a second point which revolves around 
the first point and the moon M is as a third point which 
revolves around the second point, with the moon M which is 
distant by (N-l) 2 r from the earth E revolving around the earth 



at an angular velocity co and the earth E which is distant 
by r from the sun S revolving around the sun at an angular 

velocity (l-N)co, in case that the sun S is seen as a fixed 
point, the locus of the moon M approximates to a contour of 
a regular N -polygonal curve which is circumscribed on a 
circle having a radius N(N-2)r. 

(B) In case that a regular (N-l ) -polygon which is 
inscribed on a circle having a radius (N-l) 2 r rotates around 
its center axis at an angular velocity co and revolves along 
a circle having a radius r at an angular velocity (1-N) 
co, an area being swept by the said regular (N- 1 ) -polygon 
defines an area, a contour of which approximates to a regular 
N-polygonal curve being circumscribed on a circle having a 
radius of N(N-2)r. 

(C) In case that a regular (N+l) polygon, which is 
inscribed on a circle having a radius (N+l) 2 r, rotates around 
its center axis at an angular velocity co and revolves along 
a circle having a radius r at an angular velocity (N+l) 
CO, an area being swept by the said regular (N+l) polygon 
defines an are, a contour of which approximates to a regular 
N-polygonal curve being circumscribed on a circle having a 
radius of N(N+2)r. 

In the above-mentioned technical contents and the 
following description, a positive and negative signs 
attached to the angular velocity signify rotations in 
opposite directions . 

Constructional Elements of the Invention 



The present invention is derived from the above- 
mentioned technical contents. 

In the figure determining method of the present* 
invention for determining a regular N- polygonal figure 
having vertexes of N in number, characterized in that: 

the center point (S) of a regular N-polygonal figure 
to be determined is set as a fixed point; 

a point, which is distant by a certain length from the 
said center point (S) and revolves around the center point 
(S), is set as a first point (E); 

a point, which is distant by a certain length from the 
first point (E) and revolves around the first point (E), is 
set as a second point (M) ; and 

assuming that the second point (M) revolves around the 

first point (E) at an angular velocity 0) , that the first 
point (E) revolves around the center point (S) at an angular 

velocity (l-N)co, that the first point (E) is away from the 
center point (S) by a distance (r) , and that the second point 
(M) is away from the first point (E) by a distance (N-l) 2 r, 
the locus of the second point (M) defines a contour of a 
regular N-polygonal figure to be determined being 
circumscribed on a circle having a radius N(N-2)r. 

According to the present invention constructed as 
mentioned above, a boring hole having a cross-sectional 
shape of a regular N-polygon can be bored based on the 
above-mentioned content (A). The fixed center point 

corresponds to the sun (S) in the content (A). The first 
point , which is away from the said center point by a certain 



distance and revolves around the said center point, 
corresponds to the earth E. The second point, which is 
away from the said first point by a certain distance and 
revolves around the first point, corresponds to the moon M. 

The locus of the second point (moon M) defines the 
contour of the regular N-polygon as mentioned in the content 
(A). 

Furthermore, the figure determining method of the 
present invention for determining a regular N-polygonal 
figure having vertexes of N in number k characterized in that : 

a regular (N-l) -polygonal figure revolves along a 
circle, which circle is concentric to the center of a regular 
N-polygonal figure to be determined and has a radius r, and 
rotates at an angular velocity 0) ; 

a contour of the said regular (N-l ) -polygonal figure 
is inscribed on a circle having a radius (N-l) 2 r; 

the regular (N- 1 ) -polygonal figure revolves at an 

angular velocity (1-N)C0; and 

an area being swept by the said regular (N-l)- 
polygonal figure defines a regular N-polygonal figure to be 
determined, which figure is circumscribed on a circle having 
a radius N(N-2)r. 

According to the boring scheme based on the present 
invention constructed as mentioned above, a regular N- 
polygonal figure can be determined based on the above- 
mentioned content (B) . The area being swept (and/or passed) 
by the said regular (N-l ) -polygonal figure defines a range 
of a regular N-polygonal shape which is circumscribed on a 
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circle having a radius N(N-2)r. 

Furthermore, the figure determining method of the 
present invention for determining a regular N-polygonal 
figure having vert exes of N in number, characterized in that : 

a regular (N+l ) -polygonal figure revolves along a 
circle, which circle is concentric to the center of a regular 
N-polygonal figure to be determined and has a radius r, and 

rotates at an angular velocity co ; 

a contour of the said regular (N+l ) -polygonal figure 
is inscribed on a circle having a radius (N+l) 2 r; 

the regular (N+l ) -polygonal figure revolves at an 

angular velocity (N+l)co f - and 

an area being swept by the said regular (N+l)- 
polygpnal figure defines a regular N-polygonal figure to be 
determined, which figure is circumscribed on a circle having 
a radius N(N+2)r. 

According to the figure determining method of the 
present invention constructed as mentioned above, based on 
the above-mentioned content (C) , the area being swept by the 
said regular (N+l) -polygonal figure defines such the regular 
N-polygonal figure which is circumscribed on a circle having 
a radius N(N+2)r. 

In the present invention, a bored boring hole has a 
cross -sectional shape which is constructed by the envelope 
resulting from the eccentric rotation, and therefore, each 
vertex is rounded and each side is not exactly linear. 
However, the cross -sectional shape of a boring hole, which 
is bored by the present invention, is approved practically 



to be a regular N- polygon without a problem. The term 
"regular N-polygon" is used in this sense throughout this 
specification. 

In carrying out the present invention, such the 
regular N-polygonal figure can be determined by using a 
figure, which is defined by steps for: 

setting a start point being revolved along a circle 
which is concentric to the center of the regular N-polygonal 
figure to be determined and has a radius r; 

placing line segments of N in number, each of which 
extends in radius direction, at a constant interval from the 
said start point in the circumference direction; and 

positioning the end point of each of the line segment 
on a circle having a radius (N-l) 2 r, the said end point is 
opposite side to the said start point. 

Upon using such the regular N-polygonal figure, the 
said line segments revolve around the start point at an 

angular velocity co , the start point revolves around the 
center of the regular N-polygonal figure at an angular 

velocity (l-N)co, the start point is away from the center 
of the regular N-polygonal figure by the distance (r) , and 
the length of each of the line segment is (N-l) 2 r, so that 
the locus of the end point, which is opposite side to the 
said start point, of the said line segment defines a regular 
N-polygonal figure to be determined which is circumscribed 
on a circle having a radius N(N-2)r. 

According to the above-mentioned constructions, a 
regular N-polygonal figure is determined based on the 



above-mentioned content (A) . Specifically, the center 

of a regular N-polygonal figure to be determined corresponds 
to the sun S mentioned in the content (A) , the said start 
point corresponds to the earth E, and the said end point, 
which is on opposite side to the said start point, of each 
of the line segment corresponds to the moon M. The locus 

of the said end point being on the opposite side to the said 
start point define a contour of a regular N-polygon as 
mentioned in the content (A) . 

In carrying out the present invention, it is possible 
to use a figure such the regular (N-l ) -polygonal figure, 
which is defined by steps for: 

setting a start point being revolved along a circle 
which is concentric to the center of the regular N-polygonal 
figure to be determined and has a radius r; 

placing line segments of N in number, each of which 
extends in radius direction, at a constant interval from the 
said start point in the circumference direction; and 

positioning the end point of each of the line segment 
on a circle having a radius (N-l) 2 r, the said end point is 
opposite side to the said start point. 

In the above-mentioned case, an area being swept by 
the said line segments, each of which extends in radius 
direction and is placed at a constant interval in a 
circumf erence direction, corresponds to the area being swept 
by the regular ( N- 1 ) -polygonal figure, as mentioned in the 
content (B) , and therefore, a regular N-polygonal figure is 
determined. 



The above-mentioned method of the present invention 
determines a regular N-polygonal figure, in which each side 
between adjacent vertexes being (substantially) linear. 

There is a case in which it is intended to increase 
the circumferential length of cross section (the length of 
cross-sectional contour) relative to the cross-sectional 
area, as in the case of determining a cross -sectional shape 
of a friction pit for example. 

In order to attain such a requirement, the inventor 
of the present has found, as a result of studies, that: 

by making a ratio of the radial distance r between the 
center point (fixed point) and the first point to the 
distance between the first point and the second point, in 
other words, a ratio of the distance (r) between the start 
point and the center of the regular N-polygonal figure to 
the length of the line segments, is smaller than (N-l) 2 , 
the second point or the point on the side opposite to the 
line segment start point defines a shape which has vertexes 
of N in number and is a single closed region formed by curves 
(arcuate curves being convex against the center axis of 
boring hole ) . 

Based on this technical content, by means of the figure 
determining method of the present invention as described 
below, it is possible to determine a figure which has sides 
between vertexes formed by arcuate curves (arcuate curves 
which is convex inwardly) and has a shape with a long 
circumferential length relative to the cross -sectional 
area. 



Namely, the figure determining method of the present 
invention comprises steps. for: 

setting a fixed center point; 

setting a first point which is away from the center 
point by a certain length and revolves around the center 
point; 

setting a second point which is away from the first 
point by a certain length and revolves around the first 
point; 

setting an angular velocity CO at which the second 
point revolves around the first point; 

setting at an angular velocity (l-N)co at which the 
first point revolves around the center point; 

setting a distance between the first point and the 
center point as a distance r; 

setting a ratio of the distance between the center 
point and the first point to the length of a line segment 
connecting the first and second points being smaller than 
(N-l) 2 ; and 

defining a figure to be determined by the locus of the 
second point, which figure has vertexes of N in number, is 
circumscribed on a circle having a radius N(N-2)r, and is 
a single closed region formed by curves. 

Alternatively, in carrying out this invention, it is 
possible to use a figure, which is defined by steps for: 

setting a start point being revolved along a circle 
which is concentric to the center of the regular N-polygonal 
figure to be determined and has a radius r; 



placing line segments of N in number, each of which 
extends in radius direction, at a constant interval from the 
said start point in the circumference direction; and 

positioning the end point of each of the line segment 
on a circle having a radius (N-l) 2 r, the said end point is 
opposite side to the said start point. 

And then, it is possible to comprise following steps 

for: 

revolving the said line segments around the start 

point at an angular velocity co ; 

revolving the start point around the center of the 

regular N-polygonal figure at an angular velocity (1-N) 
CO ; 

setting a distance between the start point and the 
center of the regular N-polygonal figure as a distance r; 
and 

setting a ratio of the distance (r) between the start 
point and the center of the regular N-polygonal figure to 
the length of the line segments being smaller than (N-l) 2 . 

Furthermore, the inventor of the present invention has 
found, as a result of studies, that by making the above- 
described ratio much smaller, it is possible to determine 
a figure which is made up of a plurality of closed regions 
formed by curves and is symmetric with respect to the center 
point . 

Namely, the figure determining method of the present 
invention comprises following steps for: 
setting a fixed center point; 



setting a first point being away from the center point 
by a certain length and revolving around the center point; 

setting a second point being away from the first point 
by a certain length and revolving around the first point; 

setting an angular velocity co at which the second 
point revolves around the first point; 

setting an angular velocity ( 1-N) O) at which the first 
point revolves around the center point; 

setting a distance between the first point and the 
center point as a distance r; 

setting a ratio of the distance between the center 
point and the first point to the length of a line segment, 
which connects the first and second points, being smaller 
than (N-l) 2 ; and 

defining a figure to be determined by the locus of the 
second point , which figure is made up of a plurality of closed 
regions formed by curves and is symmetric with respect to 
the center (of the figure to be determined). 

In this invention, it is possible to use a figure, which 
is defined by steps for: 

setting a start point being revolved along a circle 
which is concentric to the center of the regular N-polygonal 
figure to be determined and has a radius r; 

placing line segments of N in number, each of which 
extends in radius direction, at a constant interval from the 
said start point in the circumference direction; and 

positioning the end point of each of the line segment 
on a circle having a radius (N-l) 2 r, the said end point is 
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opposite side to the said start point. 

And then, it is possible to comprise following steps 

for: 

revolving the said line segments around the start 

point at an angular velocity co ; 

revolving the start point around the center of the 

regular N-polygonal figure at an angular velocity (1-N) 

CO; 

setting a distance between the start point and the 
center of the regular N-polygonal figure as a distance r; 
and 

setting a ratio of the distance (r) between the start 
point and the center of the regular N-polygonal figure to 
the length of the line segments being smaller than (N-l) 2 . 

The phrase "which figure is made up of a plurality of 
closed regions formed by curves and is symmetric with respect 
to the center" means a daisy- like figure having N closed 
regions as shown in Figs. 32-37. In case the number of 

closed regions is N+l, such the phrase means a daisy-like 
figure as shown in Fig. 54. 

The figure determining apparatus of the present 
invention for carrying out the above-mentioned figure 
determining method are constructed as follows. 

The figure determining apparatus of the present 
invention, which apparatus determines a regular N-polygonal 
figure having vertexes of N in number, characterized in that 
the said apparatus includes an input. means and a control 
means , 



the said input means is constructed to carry out 
functions for: 

setting a center point of a regular N-polygonal figure 
to be determined as a fixed point; 

setting a first point which is away from the center 
point by a certain length and revolves around the center 
point; 

setting a second point which is away from the first 
point by a certain length and revolves around the first 
point; 

setting an angular velocity 0) at which the second 
point revolves around the first point; 

setting an angular velocity (1-N) co at which the first 
point revolves around the center point; 

setting a distance r between the first point and the 
center point ; and 

setting a distance (N-l) 2 r between the second point 
and the first point: and that 

the said control means is constructed so as to carry 
out functions for defining a regular N-polygonal figure to 
be determined by the locus of the second point, which figure 
is circumscribed on a circle having a radius N(N-2)r. 

The figure determining apparatus of the present 
invention being constructed as mentioned above was invented 
by applying the above -described content (A) to a figure 
determining apparatus . 

Furthermore, the figure determining apparatus of the 
present invention, which apparatus determines a regular 



N-polygonal figure having vertexes of N in number, 
characterized in that the said apparatus includes an input 
means and a control means. 

the said input means is constructed to carry out 

functions for: 

inputting so as to revolve a regular (N- 1 ) -polygonal 
figure along a circle, which circle is concentric to the 
center of a regular N-polygonal figure to be determined and 

has a radius r; 

inputting so as to rotate such the regular (N-l) - 

polygonal figure at an angular velocity CO; 

setting the regular (N-l) -polygonal figure so as to 
define a contour which is inscribed on a circle having a 
radius (N-l) 2 r; and 

setting an angular velocity (l-N)co at which the 
regular (N-l ) -polygonal figure revolves: and that 

the said control means is constructed to carry out a 
function for defining a regular N-polygonal figure to be 
determined, which is circumscribed on a circle having a 
radius N(N-2)r. by an area being swept by the regular 
(N-l) -polygonal figure. 

The figure determining apparatus of the present 
invention being constructed as mentioned above is based on 
the above- described content (B) . 

• For the value of N, an integer except for 4 can be set. 
Of course, N may be set 4. 

Furthermore, the figure determining apparatus of the 
present invention, which apparatus determines a regular 



N-polygonal figure having vertexes of N in number, 
characterized in that the said apparatus includes an input 
means and a control means , 

the said input means is constructed to carry out 

functions for: 

inputting so as to revolve a regular (N+l ) -polygonal 
figure along a circle, which circle is concentric to the 
center of a regular N-polygonal figure to be determined and 

has a radius r; 

inputting so as to rotate such the regular (N+l)- 
polygonal figure at an angular velocity w ; 

setting the regular (N+l ) -polygonal figure so as to 
define a contour which is inscribed on a circle having a 
radius (N+l) 2 r; and 

setting an angular velocity (N+l)co at which the 
regular (N+l ) -polygonal figure revolves : and that 

the said control means is constructed to carry out a 
function for defining a regular N-polygonal figure to be 
determined, which is circumscribed on a circle having a 
radius N(N+2)r. by an area being swept by the regular 
(N+l) -polygonal figure. 

The figure determining apparatus being constructed as 
mentioned above is based on the above -described content (C) . 

In case it is desired to increase the circumferential 
length of cross section (the length of cross -sectional 
contour) relative to the cross -sectional area, for example 
in the case of a friction pit , the apparatus of this invention 
can include an input means and a control means . In this 
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case, the said input means is constructed to carry out 
functions for: 

setting a center point as a fixed point; 

setting a first point which is away from the center 
point by a certain length and revolves around the center 
point; 

setting a second point which is away from the first 
point by a certain length and revolves around the first 
point; 

setting an angular velocity co at which the second 
point revolves around the first point; 

setting an angular velocity (1-N) co at which the first 
point revolves around the center point; 

setting a distance r between the first point and the 
center point; 

setting a ratio of the distance between the center 
point and the first point to the length of a line segment, 
which connects the first and second points, being smaller 
than (N-l) 2 : and 

the said control means is constructed to carry out a 
function for defining a figure to be determined by the locus 
of the second point , which figure has vertexes of N in number, 
is circumscribed on a circle having a radius N(N-2)r, and 
is a single closed region formed by curves. 

In this case, it is possible to use a figure which is 
defined by steps for: 

setting a start point revolving along a circle which 
is concentric to the center of the regular N-polygonal figure 



to be determined and has a radius r; 

placing line segments of N in number, each of which 
extends in radius direction, at a constant interval from the 
said start point in the circumference direction; and 

positioning the end point of each of the line segment 
on a circle having a radius (N-l) 2 r, the said end point is 
opposite side to the said start point. 

And then, it is possible to constructed so that: 

the said line segments revolve around the start point 
at an angular velocity CO ; 

an angular velocity (l-N)co is set at which angular 
velocity the start point revolves around the center of the 
regular N-polygonal figure; 

a distance between the start point and the center of 
the regular N-polygonal figure is set as a distance r; and 

a ratio of the distance (r) between the start point 
and the center of the regular N-polygonai figure to the 
length of the line segments is set so as to be smaller than 
(N-l) \ 

Furthermore , according to the present invention, it 
is possible to determine a figure being made up of closed 
regions of N in number, each of which regions is contoured 
by curves and is symmetric with respect to the center. 

Namely, in the present invention, it is possible to 
include an input means and a control means, 

the said input means is constructed to carry out 
functions for: 

setting a center point as a fixed point; 



setting a first point which is away from the center 
point by a certain length and revolves around the center 
point ; 

setting a second point which is away from the first 
point by a certain length and revolves around the first 
point; , 

setting an angular velocity CO at which the second 
point revolve around the first point; 

setting an angular velocity ( 1-N) (o at which the first 
point revolves around the center point; 

setting a distance r between the first and the center 
point ; and 

setting a ratio of the distance between the center 
point and the first point to the length of a line segment, 
which connects the first and second points, being smaller 
than (N-l) 2 : and 

the said control means is constructed to carry out a 
function for defining a figure to be determined by the locus 
of the second point, which figure is made up of a plurality 
of closed regions formed by curves and is symmetric with 
respect to the center (of the figure to be determined). 

Also, in this invention, it is possible to use a figure 
which is defined by steps for: 

setting a start point revolving along a circle which 
is concentric to the center of the regular N-polygonal figure 
to be determined and has a radius r; 

placing line segments of N in number, each of which 
extends in radius direction, at a constant interval from the 



said start point in the circumference direction; and 

positioning the end point of each of the line segment 
on a circle having a radius (N-l) 2 r, the said end point is 
opposite side to the said start point. 

And then, in this invention, it is possible to 
constructed so that: 

the said line segments revolve around the start point 
at an angular velocity co ; 

an angular velocity (l-N)co is set at which angular 
velocity the start point revolves around the center of the 
regular N-polygonal figure; 

a distance between the start point and the center of 
the regular N-polygonal figure is set as a distance r; and 

a ratio of the distance (r) between the start point 
and the center of the regular N-polygonal figure to the 
length of the line segments is set so as to be smaller than 
(N-l) 2 . 

The " figure being made up of closed regions of N in 
number, each of which regions is contoured by curves and is 
symmetric with respect to the center" signifies a daisy- 
like figure having N closed regions as shown in Fig. 32 
through Fig. 37. In case the number of closed regions 

is N+l, the " figure being made up of closed regions of N 
in number, each of which regions is contoured by curves and 
is symmetric with respect to the center" signifies a 
daisy-like figure as shown in Fig. 54. 



Principle of the Invention 




Initially, the principle of operation of the present 
invention will be explained with reference to Fig . 41 through 
Fig. 55. 

First, the case of N=4, i.e. the determination of a 
square, will be dealt with. In Fig. 41, it is assumed 

that a point E (it corresponds to the earth) revolves around 
the origin S (it corresponds to the sun), and a point M (it 
corresponds to the moon) revolves around the point E (earth) . 

In Fig. 41, if the distance between the point S and 
point E (the radius of revolution of the point E) is r, the 
distance between the point E and point M is L (it is written 
as X in the figure), the angular velocity of the point M 
is co, and the coordinates of the point M is (x M ,y M ) , then 
the distance L M between the point S and point M is expressed 
by the following formula. 



L M = (x M 2 + y M 2 )" 2 

= [ {Lcosut+rcos( -3)cot} 2 +{Lsincot 

+rsin(-3)o)t} 2 ] 1/2 

= (r 2 +L 2 +2rL • cos4tot) 1/2 (D 

The time needed for the point M(x M ,y M ) , i.e. , the end 
point (moon) of the line segment SM. to revolve once thereby 
to draw a square is given by t= 2 it / CO , and during this time 
period, the point E(x E .y E (earth) rotates three times. 

The system of motion including the points S, E and M 
will be dealt with in more detail with reference to Fig. 42. 

In Fig. 42, the distance between the point E and point 
M is L (it is written as \ in the figure), and L is equal 
to.7)r (TJ is a constant): (term of condition). The 
point E has an angular velocity k co (K is a constant) . 

In Fig. 42, the coordinates of the point M are given 
as follows . 

= (rcosKwt+Tircoscot ) 1/2 

y M = (rsinKcot+Tirsincot) 172 ( 3 ) 

The matter in question here is only the shape of figure . 
and starting the motion of the point E and point M 
specifically at the midpoint of one side of the regular 
N-polygonal figure a/o>t = 0 does not loose the generality. 
Accordingly, initial conditions are set as shown in Fig. 43. 

Regarding the mid point of side PQ as being located 
on the X axis and cot. being 6>:.as shown in Fig. 43, the above 
formulas (2) and (3) are reformed as follows. 



x M - r|rcos0+rcos (K0+jt) 

= r]rcos0-rcosK0 (4) 

y M = r|rsin0+rsin(K0+jt) 

= r|rsin0-rsinK0 (5) 



By using the formulas (2) and (3) with respect to the 
motion of the point M against the point S, the distance L M 
between the point S and point M is expressed by the following 
formula. 
L M = (X M 2 + y M 2 ) 1/2 

= { (r|rcos0-rcosK0) 2 

+ (rirsin0-rsinK0) 2 } 1/2 

= {cos 2 K0+sin 2 K0+ti(cos 2 0+sin 2 0) 

- 2T](cos0cosK0+sin0sinK0) } 1/2 

= r{l+ri 2 -2Ticos(l-K)0} 1/2 (6) 

In order for the locus of the point M to be a regular 
N-polygonal figure, the variation of the center angle during 
the movement from the first vertex M x to the next vertex M 2 
is 2 7T/N. The point E moves from E x to E 2 in Fig. 44, and 
it is a variation of 2 K - ( 2 7t /N ) in terms of the center angle . 

The point M advances by a center angle of 2 7t/N at time 
t, i.e., 2 71 /N= cot, then: 

t = (1/co) (27t/N) (7) 

Whereas, the point E advances by -{2jt- (2jt/N) } at time 
t, and it is equal to kCt>t, then: 

i * 

t = -(2jt/K0>) (N-l/N) (8) 

-~ - The formulas (5) and (6) give: 

/ 

-K = 1 - N (9) 

explains^the principle of operation of the determination of 



a regular N-polygonal figure. 

Prior to the determination of a regular N-polygonal 
figure, a regular N-polygonal curve f(0)is defined as 
follows . 

(a) f(0) is a one-valued function. 

(b) f ( 60 is a periodic function with a period 2 7T 

/N. 

( c ) f ( 9 ) has one maximum value and one minimum value 
in one period. 

(d) In regard to one period from a maximum point to 
the next maximum point of f ( 0 ) , f ( 8 ) has line symmetry with 
respect to the center of the minimum point between the two 
maximum points . 

(e) f(0) has a positive curvature or no curvature, 
and it must be zero at the minimum point of f(0). 

In addition, one side of the figure to be determined 
is nearly linear provided that the polarity of curvature of 
the side does not change at the intersection of the side with 
the X axis or Y axis , i.e., the mid point of the side . In 
other words, an additional condition is that the value of 
the second- order derivative of the equation of the curve 
which represents the side is zero at the mid point. 

This condition means that the mid point of one side 
of the regular N-polygonal figure to be determined is an 
inf lection point . Namely, in Fig. 45, the mid point M 

of the line segment PMQ (which is one side of the regular 
N-polygonal figure to be determined) needs to be an 
inflection point. 
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Formulas (4) and (5) give: x = T]rcos0-rcosK0 and y 
r|rsinG-rsinK9 . 

When the mid point M of the line segment PMQ is an 
inflection point, the following condition must be met at the 
point M, 

d 2 x/dy 2 = 0 (10) 

The first -order derivatives of the formulas (4) and 

(5) are obtained based on the separation of variables as: 

dx = ( -Tirsin0+KrsinK0)d0 and dy M = (Tircos0-KrcosK0)d0. 
They give : 

(dx/dy) = ( -T]rsin0+KrsinK0) / (TjrcosO 



-KrcosK0) 



(11) 



And: 



(d 2 x/dy 2 ) = (d/dy){ (-T]rsin0+KrsinK0) 



/ (r|rcos0-KrcosK0) } 



= (d0/dy) (d/d0){(-rirsin0+KrsinK0) 
/ (T)rcos0-KrcosK0) } 



= {1/(ticos0-kcosk0) }(d/d9){ (-Tisin0 



+KsinK0) / (rjcos0-Kcosk0) } 



= { ( T]COS0 - KCOSK0 ) ( -T|COS0+K 2 COSK0) 

- ( -Tjsin9+KsinK0) ( -Tisin0+K 2 sinK0 ) } 

/ { ( T]COS0 -KCOSK0 ) ( T|COS0-KCOSK0 ) 2 } 



(12) 



Providing the condition d 2 x/dy 2 =0 for the formula ( 12.) 



at 6 = 0 gives : 
d 2 x/dy 2 |e c0 

= {(T1-K)(K 2 -T1)}/{(11-K)(T1-K) 2 } 

= (K 2 -Y1)/(T1-K) 2 = 0 (13) 

Formula (13) gives: 
T] = K 2 (14) 

Reforming L=7?r (term of condition) by using the 
formula (14) gives: L= AC 2 r. 

Using the f ormula ( 9 ) gives :. 
L = (N-l) 2 r (15) 



When the condition of the formula (15) is met , each 
side of the regular N-polygonal figure to be determined 
becomes most linear. 

Using the formula (15) to rewrite the formulas (4) and 
(5) gives: 

x = r{(l-N) 2 coscot-cos(l-N)cot} (16) 

y = r{(l-N) 2 sincot-sin(l-N)o)t} (17) 

The above-mentioned pertains to the principle of 
operation of the determination of a regular N-polygonal 
figure from the line segment EM shown in Fig. 4 2 for example. 
The following explains with reference to Fig. 46 that a 
regular N-polygonal figure can be determined by rotating a 
regular (N-l ) -polygonal figure. 

In Fig. 46, the point M is turned by an amount of 2 
7T/(N-1) from point Ml to point M2. 

Assuming the point E and point Ml being located at time 
t = 0 as shown in Fig. 46 does not loose the generality. The 



point E and point Ml at time t=0 have their coordinates given 
with reference to the formula (15) and so on as: E(r,0) and 
Ml({ (N-l) 2 -l}r,0) . 

The coordinates (xl,yl) of the point Ml is expressed 
as: xl = r{ (l-N) 2 coso)t-cos(l-N)cot} : (refer to formula (16)), 
and yl = r{ ( l-N) 2 sincot-sin( 1-N)a)t } : (refer to formula 
(17)). 

The locus of the point Ml becomes the shape of a regular 
N-polygonal figure. In Fig. 46, if the locus of the 

point M2 coincides with the locus of the point Ml, it can 
be proved that all vertexes of a regular (N-l ) -polygon 
determine a regular N-polygonal figure. 

In other words , if the coordinates (x2,y2) of the point 
M2 resulting from the rotation of the above-described 
coordinates (xl,yl) by the amount of 27T/(N-1) are expressed 
by the functions similar to the formulas (16) and (17), it 
is proved that a regular N-polygonal figure can be determined 
by the rotation of a regular (N-l ) -polygon . 

The coordinates (x2,y2) of the point M2 resulting from 
the rotation of the coordinates (xl,yl) by the amount of 2 
7C/(N-1) are expressed in accordance with the formulas (16) 
and (17) as follows. 
x2 = r{(l-N) 2 cos(cot + {2jt/(N-l)}) 

-cos( l-N)o)t} ..... (18) 

y2 = r{(l-N) 2 sin(o)t + {2jt/(N-l)>) 

-sin(l-N)cot} (19) 

In the formulas (18) and (19), r=l and co = l are set. 

If the coordinates of the point M2 determines a regular 



N-polygonal figure as the point Ml does, the form of the 
formulas does not change as a result of rotation by an amount 
of (27t/N). 

The following rotational determinants (20) and (21) 
are used to obtain the coordinates M 1 (x 1 ,y f ) of the point 
M2 as a result of rotation by the amount of (27T/N). 



2jt . 2jz\ 
x 0 cos — - y 2 sin — 
2 N 2 N 

. 2jt 2jz 
x? sin — + y 7 cos — 
2 N 2 N 



(20) 



V„)'co S {f + ,-^}-cos{f + (l-*),p 



(21) 



(22) 



The following variable t' is introduced to rearrange 
the formulas (20) and (21). 
t ' - t-{2it/N(N-l) } ... 

The result is : 
x' = (l-N) 2 cos[t'+{23t/N(N-l) }+(2ji/N) 
-{2:t/ (N-l) }] -cos[ (2Jt/N)- 
(N-l)(t'+{2jt/N(N-l)})] 

= (l-N) 2 cost ' -cos(l-N)t ' 

y' = (l-N) 2 sin[t'+{2Jt/(N-l)}-(23t/N) 
+ ( 2ji/N) - { 2?t/ (N- 1 ) } ] -sin [ ( 2k/N ) 
-(N-l)t ' -{ (N-1)/N(N-1) }2jt] 

= (l-N) 2 sint'-sin(l-N)f ..... (24) 



(23) 



« 



The above-described formulas (23) and (24) have 
completely the same form as the formulas (16) and (17) , with 
t being replaced with t' only. Namely, rotation of the 

point M2 by the amount (27T/N) does not cause the change in 
the form of formulas which represent the coordinates of the 
point M2 . Accordingly, the point M2 determines a 

regular N-polygonal figure as the point Ml does. 

Consequently, a regular N-polygonal figure can be 
determined in such a general form as the point Ml and point 
M2. 

Rearranging these results leads out the principles ( A) # 
(B) and (C) described previously. 

Fig. 41 through Fig. 46 depict the principle of 
operation of the case of determining a regular N-polygonal 
figure, whereas Fig. 47 and successive figures deal with 
general figures having rotational symmetry. 

Figures having rotational symmetry are those as shown 
in Fig. 26 through Fig. 31 or those as shown in Fig. 32 through 
37. 

In order for a figure to have its curving at the vertex 
becoming linear instead of being rounded, vectors P and A 
P must be aligned in. Fig. 47. This condition is met by: 
PxAp = 0 (25) 

The formulas (4) and (5) lead out the following 
formulas (26) and (27). 



-CI-' 



'rircosd -rcosKd\ 

. n . 1 (26) 

rjr sin 8 - r sin K0 ) 



( dx\ 

( - r\r sin 0 + rK sin k6 



dd 
dy 



(27) 

r\r cosd - kk coskB J 



Based on the formulas (26) and (27) , the outer product 
(pX Ap) of the vector is expressed by the following formula. 
|PXAP| = x(dy/d0)-y(dx/d6) 
= r 2 (Ti 2 +K)-Tir 2 (l+K)cos(l-K)6 (28) 

The term 1-N (refer to formula (9) ) is substituted into 

K of the formula (28) . The formula (28) must be equal 

to zero, as has been mentioned in connection with the formula 
(25) , then: 

COS(1-K)0 = (T] 2 +K)/{Tl(l+K) > 

.\ cosN9 = (r| 2 +l-N)/{r|(2-N) } ..... (29) 

On the graph of cos u6 shown in Fig. 48, there are 
generally solutions of 2N in number in the range of 0° ^ 
8 <2K # However, an N-polygon which is a symmetric 

figure has vertexes of N in number, and therefore there are 
solutions of N in number in this case, which exist at the 
peaks of the graph. 

It is obvious from Fig. 48 that if there are N solutions , 
then it is the case where the graph has peaks, i.e. , the case 
of cos N0= ±1. Substituting this condition into the 

formula (29) gives the following formula (30). 

-t| 2 ±(2-N)ti-1+N = 0 (30) 

Solving the formula (30) gives: 
T| = ±(N-1) or ti = ±1 (31) 



Since W is greater than 0, then: r?=N-l or 77=1. 

In the case of 7? =N- 1 , e.g., N=4 , such a figure as shown 
in Fig. 27 is determined, or in the case of T) =1 , such a figure 
as shown in Fig. 33 is determined. 

Next, the relation between the area and 
circumferential length will be dealt with for the case of 
7]=N-1 (for the figure as shown in Fig. 27). 

First, the area is calculated with reference to Fig. 

49. 

The area dS of a small section at an angle ot is 
calculated, with the hatched portion being neglected, as 
follows . 

dS = ( 1/2)PXp - da 

= (l/2)P 2 da (32) 

Accordingly: 
S = I ds 

= S (l/2)P 2 da (33) 

The formula (33) cannot be integrated directly, and 
the relation of 0L and t must be used. 

In regard to the coordinates (x,y) of the point P at 
the angle a in Fig. 49, there is a relation of tan a = y/x. 
It is rewritten by using the previous formulas (4) and (5) 
as follows . 

tana = y/x 
tana = (iirsint-rsinKt ) 

/ (Tircost-rcosKt ) (34) 

Differentiating both sides of the formula (34) gives: 
sec 2 a • da = dt • { (r|cost-KcosKt ) ( rjcost 
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-cosKt ) - (rjsint-sinKt ) ( -rjsint 
+KsinKt ) }/ (r|cost-cosKt) 2 

= {ti 2 +k-tj( 1+k)cos( 1-k) t} # dt 

/(Ticost-cosKt) 2 (35) 

It is obvious from Fig. 44 as: 

cosa = x/P 

= r (rjcost-cosKt ) /P ..... (36) 



The formulas (35) and (36) give: 
da = cos 2 a • {t] 2 +k-ti( l+K)cos(l-K)t} * dt 
/ (rjcost-cosKt ) 2 

= r 2 { (T]COSt-COSKt) 2 /P 2 } " [{T] 2 +K 
-T\( l+K)COS( 1-K) t} / (TlCOSt-COSKt ) 2 ] 

• dt 

= (r 2 /P 2 ){Ti 2 +K-Ti(l+K)cos(l-K) }dt (37) 

Substituting the formula (37) into the formula (33) 

gives : 

S = S (1/2)P 2 • (r 2 /P 2 ){T] 2 +K 

-Yi(l+K)cos(l-K)}dt (38) 

This is not the indefinite integration, but is the 
finite indefinite from 0 to 2 K . Accordingly, the 

formula (38) becomes: 

S = (r 2 /2) • (T| 2 +K)2jt (39) 

Substituting K=l-N and 7?=N-1 into the formula (39) 

gives : 

S = jtr 2 (N-l) (N-2) (40) 

Next, the relation between the area and 
circumferential length will be dealt with for the case of 
77=N-1 (for the figure as shown in Fig. 27) with reference 



to Fig. 49. 

In Fig. 49, a small section dR of the circumference 
is given as: 
dR = |dP| = |P (t) | - dt 

= {(dx/dt) 2 +(dy/dt) 2 } 1/2 • dt 

= {(-r|sint +KsinKt ) 2 + (ricost 

- KcosKt) 2 } 172 • dt 

= r{T] 2 +(l-N) 2 -2Ti (l~N)cosNt} 1/2 • dt . (41) 

Substituting 77=N-1 into the formula (41) gives: 

dR = 2 1/2 • (N-l)r(l+cosNt) 1/2 * dt (42) 

Reforming the formula (42) by using "the formula of 

double angle" cosNt = cos2X(N/2)t = 2cos 2 (N/2 ) t-1 results 
in the following formula (43). 

dR = 2r(N-l) |cos(N/2)t | • dt (43) 

Integrating the formula (43) results in the following 
formula ( 44 ) . 

R = S 2r(N-l) | cos(N/2)t | • dt (44) 

(The integration is not the indefinite integration, 

but is the finite indefinite from 0 to 2 K . ) 

The graph of f (t)= |cos(N/2)t| is as shown in Fig. 50. 

The range of integration of the formula (38) is (0-2 
7T/2N) X 2N. Accordingly, the formula (44) becomes: 
R = 2r(N-l) X 2N S cos(N/2)t • dt 

(The integration is the finite indefinite from 0 to 2 7T/2N. ) 

= 8r(N-l) (45) 

Next, the circumferential lengths of the case of V 
=N-1 (such a figure as shown in Fig. 27 ) and a regular polygon 
having the same area is compared. 



A square with a side length "a" has its area Sa given 
as: Sa=a 2 . 

If the area S of ,a figure defined by the formula (40) 
(a figure with 77=N-1 and as shown by Fig. 27) is equal to 
the area Sa, then the relation SaA=S holds. 

Accordingly: 
Sa = S 
.\ a 2 = jrr 2 (N-l) (N-2) 

.\ a = r{jt(N-l)(N-2)} 1/2 (46) 

Since the circumferential length Ra of the square is 

equal to 4a, the following formula holds. 

Ra = 4r{ji(N-l) (N-2) } 1/2 (47) 

Comparison is made based on the formulas (45) and (47) 

between the circumferential length R of the figure with 71 
=N-1 and as shown by Fig. 27 and the circumferential length 

Ra of the square. Defining A=R/Ra, it is expressed as: 
X = 8r(N-l)/4r{jt(N-l) (N-2) } 1/2 

= 2[(N-l)/{(N-2)}-] 1/2 (48) 

Substituting N=4 into the formula (48) gives: 
= 2{(1/Jt) • (3/2)} 1/2 = 1.36 ..... (49) 

The formula (49) reveals that the figure with 7?=N-1 
and as shown by Fig. 27 has its circumferential length 
greater by 36% than that of the square having the same area. 

Next , the circumferential lengths of the case of 77 
=N-1 (such a figure as shown in Fig. 27) and a circle having 
the same area is compared. 

A circle with a radius "a" has its area Sa given as: 
Sa=7Ca 2 . 



If the area S of a figure defined by the formula (40) 
(a figure with 77=N-1 and as shown by Fig. 27) is equal to 
the area Sa, then the relation Sa=S holds. 

Accordingly: 
Sa = S 
.'. jca 2 = nr 2 (N-l) (N-2) 

a = r{(N-l)(N-2)} 1/2 ..... (50) 

With the circumferential length of the circle being 
defined as Ra, the formula (50) gives: 
Ra = 2:ta 

= 2nr{ (N-l) (N-2)} 1/2 (51) 

Based on the formula (45) , the circumferential length 

R of the figure with 77=N-1 and as shown by Fig. 27 is given 

as: R=8r(N-l). Defining A=R/Ra, it is expressed as: 

X = {8r(N-l)}/[2jtr{(N-l)(N-2)} 1/2 ] 

= (4/7t){(N-l)/(N-2)} 1/2 (52) 

The resulting function f (N)= ( 4/jt.) { (N- 1 ) / (N-2 ) } 1/2 is 

depicted as a graph as shown in Fig. 51. 

Since N is greater than or equal to 3, the function 

takes the largest value at N=3, and approaches gradually to 

the value (4/7t) as the value of N increases as shown in Fig. 

51. 

Substituting N=4 to the formula (52) gives: 
= (4/jt) (3/2) 1/2 = 1.56 . (53) 

The formula (53) reveals that the figure with 77=N-1 
and as shown by Fig. 27 has its circumferential length 
greater by 56% than that of the circle having the same area. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a plan view showing an embodiment of the 

present invention; 

Fig. 2 is a diagram explaining a state (0=0°) of the 

figure determining operation shown in Fig. 1; 

Fig. 3 is a diagram explaining a state (9- 45°) of 

operation which is rotated from the state of Fig. 2; 

Fig. 4 is a diagram explaining a state ( 9 = 90° ) of 
operation which is rotated from the state of Fig. 3; 

Fig. 5 is a diagram explaining a state ( 9~ 135° ) of 
operation which is rotated from the state of Fig. 4; 

Fig. 6 is a diagram explaining a state (9 = 180° ) of 
operation which is rotated from the state of Fig. 5; 

Fig. 7 is a diagram explaining a state ( 9= 270° ) of 
operation which is rotated from the state of Fig. 6; 

Fig. 8 is a diagram showing the locus of the figure 
as the envelope resulting from the states shown in Fig. 1 
through Fig. 7; 

Fig. 9 is a plan view showing another embodiment of 
the present invention (determination of a pentagonal 
figure) ; 

Fig. 10 is a plan view showing still another embodiment 
of the present invention (determination of a hexagonal 
figure ) ; 

Fig. 11 is a plan view showing an example of the 
determination of a triangular figure based on the present 
invention; 

Fig. 12 is a plan view showing an example of the 



determination of a quadrilateral figure based on the present 
invention; 

Fig. 13 is a plan view showing an example of the 
determination of a pentagonal figure based on the present 
invention; 

Fig. 14 is a plan view showing an example of the 
determination of a hexagonal figure based on the present 
invention; 

Fig. 15 is a plan view showing an example of the 
determination of a heptagonal figure based on the present 
invention; 

Fig. 16 is a plan view showing an example of the 
determination of a octagonal figure based on the present 
invention; 

Fig. 17 is a cross -sectional diagram showing 
schematically a process of boring work based on another 
embodiment of the present invention; 

Fig. 18 is a cross-sectional diagram showing 
schematically a process of boring of a foundation based on 
the embodiment shown in Fig. 17; 

Fig. 19 is a cross- sectional diagram showing 
schematically a process of boring of the foundation; 

Fig. 20 is a cross -sectional diagram showing 
schematically a process of boring of the foundation; 

Fig. 21 is a cross -sectional diagram showing 
schematically a process of boring of the foundation; 

Fig. 22 is a cross-sectional diagram showing 
schematically a process of boring of a foundation based on 



another embodiment of the present invention; 

Fig. 23 is a cross-sectional diagram showing 
schematically a process of boring of the foundation; 

Fig. 24 is a cross -sectional diagram showing 
schematically a process of boring of the foundation; 

Fig. 25 is a cross -sectional diagram showing 
schematically a process of boring of the foundation; 

Fig. 26 is a plan view showing an example of the 
determination of a triangular figure based on another 
embodiment of the present invention; 

Fig. 27 is a plan view showing an example of the 
determination of a quadrilateral figure based on another 
embodiment of the present invention; 

Fig. 28 is a plan view showing an example of the 
determination of a pentagonal figure based on another 
embodiment of the present invention; 

Fig. 29 is a plan view showing an example of the 
determination of a a hexagonal figure based on another 
embodiment of the present invention; 

Fig. 30 is a plan view showing an example of the 
determination of a heptagonal figure based on another 
embodiment of the present invention; 

Fig. 31 is a plan view showing an example of the 
determination of an octagonal figure based on another 
embodiment of the present invention; 

Fig. 32 is a plan view showing an example of the 
determination of a triangular figure based on still another 
embodiment of the present invention; 



Fig. 33 is a plan view showing an example of the 
determination of a quadrilateral figure based on still 
another embodiment of the present invention; 

Fig. 34 is a plan view showing an example of the 
determination of a pentagonal figure based on still another 
embodiment of the present invention; 

Fig. 35 is a plan view showing an example of the 
determination of a hexagonal figure based on still another 
embodiment of the present invention; 

Fig. 36 is a plan view showing an example of the 
determination of a heptagonal figure based on still another 
embodiment of the present invention; 

Fig. 37 is a plan view showing an example of the 
determination of an octagonal figure based on still another 
embodiment of the present invention; 

Fig. 38 is a plan view showing an example of figures 
used in still another embodiment of the present invention; 

Fig. 39 is a front view showing the application of the 
embodiment shown in Fig. 38 to a boring hole; 

Fig. 40 is a diagram showing another example figures; 
Fig. 41 is a diagram used to explain the principle of 
operation of the present invention; 

Fig. 42 is a diagram used to explain the principle of 
operation of the present invention similarly to Fig. 41; 

Fig. 43 is a diagram used to explain the principle of 
operation of the present invention similarly to Fig. 41 and 
Fig. 42; 

Fig. 44 is a diagram used to explain the principle of 



operation of the present invention similarly to Fig. 41 
through Fig. 43; 

Fig. 4 5 is a diagram used to explain the principle of 
operation of the present invention similarly to Fig. 41 
through Fig. 44; 

Fig. 46 is a diagram used to explain the principle of 
operation of the present invention similarly to Fig. 41 
through Fig. 45; 

Fig. 47 is a diagram used to explain the principle of 
operation of the present invention similarly to Fig. 41 
through Fig. 46; 

Fig. 48 is a graph used to explain the principle of 
operation of the present invention similarly to Fig. 41 
through Fig. 47; 

Fig. 49 is a diagram used to explain the principle of 
operation of the present invention similarly to Fig. 41 
through Fig. 48; 

Fig. 50 is a graph used to explain the principle of 
operation of the present invention similarly to Fig. 41 
through Fig.. 49; 

Fig. 51 is a diagram used to explain the principle of 
operation of the present invention similarly to Fig. 41 
through Fig. 50; 

Fig. 52 is a block diagram of an embodiment of the 
present invention; 

Fig. 53 is a flowchart showing the control operation 
of the embodiment shown in Fig. 52; 

Fig. 54 is a plan view showing the shape of a through 



hole or pit bored by another embodiment of the present 
invention; and 

Fig. 55 is a plan view showing the shape of a through 
hole or pit bored by still another embodiment of the present 
invention. 

Throughout the drawings, symbol H denotes a boring 
hole, O is the center of boring hole, R is a circle of 
trajectory, T, P and T-l are figures used to determine 
regular N-polygons, G is the barycenter of boring means, r 
is the radius of trajectory circle, 9 is the angle of 
revolution of the boring means, and<f> andi/> are the angles 
of rotation of the boring means. 

Preferred Embodiments 

Next, embodiments of the present invention will be 
explained with reference to Fig. 1 through Fig. 40. 

Fig. l through Fig. 16 show an embodiment of this 
invention which is derived from the above -described content 
B. 

Fig. 1 shows the embodiment of boring which is carried 
out by rotating an equilateral triangular figure T which is 
inscribed on a square H having vertexes indicated by A, B, 
C and D. The manner of determination of a regular 

N-polygonal figure H so that it becomes a quadrilateral 
figure by use of the equilateral triangular figure T will 
be explained with reference to Fig. 2 through Fig. 7. 

In the figures, the equilateral triangular figure T 
(a figure having a regular (N-l ) -polygonal shape) is 



inscribed on the quadrilateral figure H with a side length 
2a and has its barycenter G revolving counterclockwise along 
a trajectory R which has a center O and a radius r, with the 
revolution angle (angle of revolution) of the barycenter 
being indicated by 6 . The figure (triangle) T rotates 

clockwise at a rotating speed which is 1/3 of the revolving 
speed, with the rotational angle (angle of rotation) being 

indicated by <t> . 

The triangle T has its distance from the barycenter 

G to a vertex P given by L= 2 • 3~°* 5 a, and therefore the distance 
r between the barycenter s (O and G) of the square H and 
triangle T is given by r= (2 • 3" 0 * 5 -3)a/3, which is the radius 
of the trajectory R. 

Fig. 2 shows the state where a line segment L which 
connects the vertex P of the triangle T to the barycenter 
G coincides with the X axis, and the revolving angle 9 is 
defined to be 9 = 0° in this state. 

Similarly, Fig. 3 and Fig. 4 show the states after the 
line segment L has rotated by 9 = 45° and 9 = 90° , respectively, 
and the triangular figure T has rotated in the opposite 
direction by <t> = 15° and <f>= 30° , with the locus of the vertex 
P forming one side of the figure H. At 9= 135° of Fig. 5, 
the vertex P forms a round portion, and at 9 = 180 and 9 
= 270° of Fig. 6 and Fig. 7, the vertex P forms a next side. 
Similarly, the other vertexes (not shown) of the triangle 
T form remaining sides, and the f igure H is completed in the 
shape of square. 

Fig. 8 shows by the envelope the locus of the vertex 




P (of the triangular figure T) resulting from the rotation 
of the figure T (triangle) explained in connection with Fig. 
1 through Fig. 7. It shows clearly that the locus of 

the vertex P creates a square cross -sectional shape of the 
figure H. Fig. 8 also shows by symbol G-T the locus of the 
barycenter G of the equilateral triangular figure T. 

The cross -sectional shape of the figure H shown in Fig. 
8 is the envelope determined by the eccentric rotation, and 
although each vertex is rounded and each side is not exactly 
linear, it is practically approved to be a square (regular 
4 -polygon) . 

Fig. 9 shows another embodiment in which a figure T4 
of a square determines a figure H5 of a equilateral pentagon, 
and Fig. 10 shows still another embodiment in which a figure 
T5 of an equilateral pentagon determines a figure H6 of an 
equilateral hexagon . 

In these cases, the radius r of trajectory circle is 
the distance (OG) between the barycenters of both polygons, 
and is given as: r= a{ sec ( 7t /N ) - 1 } / 2 , where "a" is the 
distance from the center O to the side of the N-polygon (refer 
to Fig. 9). 

Fig. 11 through Fig. 16 show figures H3-H8 of an 
equilateral triangular, quadrilateral, pentagonal, 
hexagonal, heptagonal and octagonal figures , respectively, 
created by the cutters , with their trajectories being 
indicated by R3-R8. 

Next , an embodiment which is derived from the 
above-described content (A) will be explained with reference 



to Fig. 17 through Fig. 21. 

In Fig, 17, a line segment which connects a first point 
to a second point is expressed by an arrow J, with the first 
and second points being indicated by N and J-E. 

In Fig, 17, which shows schematically a process of 
determination of a square 10, a circle drawn by the locus 
(locus of revolution) TL of the first point N has a radius 
r, and then the initial position, i.e., the coordinates (x,y), 
of the first point N (the position shown in Fig. 17) give 
as (r, 0), and coordinate values are generally given by the 
following formulas (2) and (3). 
x = rcoscot ... ( 2 ) 
y = rsincot ... (3) 

In these formulas, symbol co denotes the angular 
velocity ( angular velocity of revolution) of the first point 
N which revolves around the monitor (not shown) . 

At the initial position shown in Fig. 17, the line 
segment J which connects the first point N to the second point 
indicated by symbol J-E exists on the X axis. 

In Fig. 17, the trajectory of revolution of the first 
point N coincides with the locus of barycenter of an 
equilateral triangle having a side length "a" when it moves 
by being always inscribed on a square 10 (a square having 
a side length "a" ) . 

Fig. 18 through Fig. 21 illustrates the progress of 
determination of the square (regular 4 -polygon) created by 
the locus of the line segment J or the second point J-E, with 
symbol 6 indicating the angle of revolution of the first 



point N. 

Fig. 18 shows the state after the first point N has 
revolved counterclockwise from the position (initial 

position) shown in Fig. 17 by an amount of 7t/2 radians (or, 
the state after the first point N has revolved 
counterclockwise around the center of a regular N-polygonal 
figure to be determined by an amount of K/2 radians). 

The second point J-E revolves around the first point 
N at the angular velocity co as mentioned above, then the 
angular velocity of the first point N revolving around the 
center 0 of the square 10 is given by (l-N)O). Since 
N=4 for the square 10, the second point J-E revolves at the 

angular velocity CO which is 1/3 of the revolving speed (-3 
C0 = (1-N)C0: N=4) of the first point N . Accordingly, the 

line segment J which connects the first point N to the second 
point J-E is not parallel to the X axis, but has an angle 
(an angle of revolution of the second point J-E) as shown 
in Fig. 18. 

Due to the revolution of the first point N and second 
point J-E, the line segment J which connects these points 
moves, and the range of movement (or, passing range) 
determines an area which is hatched in Fig. 18. 

The locus of movement of the second point J-E, i.e., 
the line segment which connects the point J-E to a point F, 
is a straight line parallel to the Y axis. Namely, the 

second point J-E has moved upward on the drawing in parallel 
to the Y axis . Symbol TL denotes the locus of movement 

of the first point N. For the purpose of simplicity. 



hatching is not provided for the range of movement or passing 
range in the remaining Fig. 19 through Fig. 21. 

Fig. 19 shows the state after the first point N has 
revolved counterclockwise by an amount of ft radians from 
the initial position. During the time, the locus of the 

second point J-E has moved in parallel to the Y axis and then 
moved to the right in parallel to the X axis . In the 

state shown in Fig. 20, when the first point N has revolved 
by an amount of 5 7T/4 from the initial position, the second 
point J-E has further moved to the right in parallel to the 
X axis . After the first point N has revolved by an amount 

of 271 radians (i.e. , after it has made one revolution along 
the locus TL), the second point J-E reaches the position 
shown in Fig .21. 

After the first point N has revolved by an amount of 
6 7C from the initial position , i .e . , it has made three 
revolutions along the locus TL, although this case is not 
shown, the second point J-E returns to its initial position 
F (i.e. , it makes one revolution around the first point N) , 
completing the determination of a square, i.e., regular 
4-polygonal figure. 

Although the determined square 10 has its vertexes 
rounded to some extent, the difference of the rounded vertex 
from the vertex of right angles is negligibly small in a sense 
of practice of engineering. 

Next, an embodiment which is derived from the 
above -described content (C) will be explained with reference 
to Fig. 22 through Fig. 25. 



In this embodiment shown in Fig. 22 through Fig. 25, 
a boring hole has a cross -sectional shape of square, i.e. , 
a regular N-polygonal figure with N=4. 

In Fig. 22 through Fig . 25, the equilateral pentagonal 
(regular (N-l ) -polygonal) figure P has its barycenter (the 
center of the figure) G moving (revolving) clockwise along 
a circular locus R having a radius r from the center O of 
the boring hole H, with the revolving angle (angle of 
revolution) being indicated by symbol 0 . 

The radius r of the locus drawn by the barycenter of 
the figure P is 1/25 (i.e. , 1/(N-1) 2 ) of the radius of a circle 
(not shown in Fig. 22 through Fig. 25) which is circumscribed 
on the figure P. In other words, the equilateral 

pentagonal figure P has a contour which is inscribed on a 
circle (not shown in Fig. 2 2 through Fig. 25) having a radius 
25r (i.e. , (N+l) 2 r) . 

The revolving figure P also rotates at a velocity which 
is 1/5, (i.e. , 1/(N+1) ) of the revolving speed, with the 
rotating angle (angle of rotation) being indicated by *0 . 

In dealing with the passing range or moving range of 
the pentagonal figure P in Fig. 22 through Fig. 25, only the 
locus of a vertex PE-1 of the figure P will be taken into 
account in the following. 

In Fig. 22 through Fig. 25, indicated by symbol IS is 
a cross-sectional shape of the case with the assumption that 
a boring hole with a complete quadrilateral shape can be 
bored, or in other words it shows an ideal cross -sectional 
shape . 



Fig. 22 shows the state after the figure P has revolved 
by 270° and rotated by 54° from the initial state. As 
a result, the figure P has its one vertex PE-1 drawing a locus 
indicated by symbol TR-21 from the origin P-O. 

Fig. 23 shows the state after the figure P has revolved 
by 630° and rotated by 126° . As a result, the figure 

P has its vertex PE-1 drawing a locus indicated by symbol 
TR-22. 

Fig. 24 shows the state after the figure P has revolved 
by 1260° and rotated by 252° . As a result, the figure 

P has its vertex PE-1 drawing a locus indicated by symbol 
TR-23. 

Fig. 25 shows the state after the figure P has revolved 
by 1800° and rotated by 360° . As a result of one 

rotation, the figure P has its vertex PE-1 drawing a closed 
loop indicated by symbol TR-24. Comparing the locus 

TR-24 with the ideal cross-sectional shape IS reveals that 
the locus TR-24 (i.e., the cross-sectional shape of the 
region cut by the figure P) has four arcuate corners . 
This locus, however, makes an approximately quadrilateral 
figure, and it is practically approved to be a bored boring 
hole with a square cross -sectional shape. 

In the embodiments explained in connection with Fig. 
1 through Fig. 25, the determined figures are regular N- 
polygonal figures having their vertexes connected by 
straight lines. 

As described previously , by making smaller than (N-l) 2 
the ratio of the distance between the first point and the 



center to the distance between the second point and the first 
point or the ratio of the radial distance between the 
rotation center of the figure and the center of the figure 
to be determined to the distance between the rotation center 
and the tip of the figure, it is possible to make the 
cross -sectional shape of the sweep range of the figures T 
and P identical to the shape formed by arcuate curves which 
connect neighboring vertexes . 

Fig. 26 through Fig. 31 show shapes of figures which 
are determined by the embodiments shown in Fig. 17 through 
Fig. 21, with the ratio being set to (N-l). Fig. 26 is 

for N=3, Fig. 27 is for N=4, Fig. 28 is for N=5, Fig. 29 is 
for N=6, Fig. 30 is for N=7, and Fig. 31 is for N=8. 

Fig. 55 shows the case where N=4 and the ratio ("the 
ratio of the distance between the first point and the center 
to the distance between the second point and the first point" 
or "the ratio of the radial distance between the rotation 
center of the figure and the center of the figure to be 
determined to the distance between the rotation center and 
the tip of the figure") is set to N. 

As mentioned above, by making the distance between the 
first point and the center to be r and making the distance 
between the first point and the center to the length of the 
line segment which connects the first point to the second 
point smaller than (N-l) 2 , it is possible to determine a 
figure which is formed by closed regions of N in number and 
is symmetric with respect to the center of the boring hole. 

Fig. 32 through Fig. 37 show shapes of figures which 




are determined by the embodiments shown in Fig. 17 through 
Fig. 21 , with the ratio being set to 1. Fig. 32 is for 

N=3, Fig. 33 is for N=4, Fig. 34 is for N=5, Fig. 35 is for 
N=6, Fig. 36 is for N=7, and Fig. 37 is for N=8. 

Fig. 54 shows the case where N=4 and the ratio (the 
ratio of the distance between the first point and the center 
to the distance between the second point and the first point 
or the ratio of the radial distance between the rotation 
center of the figure and the center of the figure to be 
determined to the distance between the rotation center and 
the tip of the figure) is set to N-2. 

The remaining affairs of the embodiments of Fig. 26 
through Fig. 31, embodiments of Fig. 32 through Fig. 37, the 
embodiment of Fig. 54 and the embodiment of Fig. 55 are 
virtually identical to the embodiment of Fig. 17 through Fig. 
21. 

Next, an embodiment of the determination of a figure 
having a regular N-polygonal (e.g., square, i.e., regular 
4 -polygonal) figure will be explained with reference to Fig. 
38 through Fig. 40. 

Fig. 38 and Fig. 39 explain the embodiment of the 
determination of a square (equilateral quadrilateral) 
figure in the same manner as for the figure ( the equilateral 
triangular figure shown by T in Fig. 1 through Fig. 8) used 
in the embodiment of Fig. 1 through Fig. 8. 
Specifically, a figure T-l (as shown particularly in Fig. 
38) having three line segments Rl , R2 arid R3 extending in 
radius direction from the center (start point), i.e., a 
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figure which is defined by setting a start point of 
revolution along a circle which is concentric to the center 
of a regular N-polygonal figure to be determined and has a 
radius r and placing line segments of N in number at a constant 
interval from the start point along the circle, with the 
point on the side opposite to the line segment start point 
being located on a circle having a radius (N-l) 2 r, is 
manipulated to rotate and revolve as explained in connection 
with Fig. 1 through Fig. 8. 

Specifically, Fig. 38 and Fig. 39 explain the 
application of the present invention to the boring of a 
boring hole. Therefore, the figure T-l represents a 

drill bit, with the line segments Rl, R2 and R3 representing 
blades each having chips . 

In Fig. 38, the figure indicated in its entirety by 
symbol T-l has three line segments Rl, R2 and R3 (line 
segments of N in number placed at a constant interval from 
the start point along the circle) which are arranged 
symmetrically with respect to the rotation center V-O (start 
point ) . 

The rotation center V-O of the figure T-l is located 
on the barycenter of an equilateral triangle which is drawn 
by connecting the end point Rl-P of the line segment Rl, the 
end point R2-P of the line segment R2 and the end point R3-P 
of the line segment R3. 

The rotation center V-O (start point) is eccentric by 
a distance r from the center O of the figure H which is 
determined by the figure T-l. 
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In applying the embodiment of Fig. 38 to the boring 
of a boring hole, the center of the figure to be determined 
must be coincident with the center O of the boring hole H, 
and in Fig. 39, it must be coincident with the center axis 
of the boring rod 60 of the boring machine indicated by 100. 
Furthermore, in applying the embodiment to the boring of a 
boring hole, the figure T-l must be placed such that its 
rotation center (start point) V-O revolves, while rotating, 
along a circle which is distant by r from the center axis 
O of the boring rod 60 of the boring machine. 

In the embodiment of Fig. 38 and Fig. 39, when the 
figure T-l rotates at an angular velocity co , it revolves 
around the boring rod 60 (or the center O of the boring hole 
H) at an angular velocity (1-N)a>. 

With the rotation center V-O of the figure T-l being 
distant in radius direction by r from the center O of the 
boring hole H (or the center axis of the boring rod 60) as 
mentioned previously, the distance from the rotation center 
V-O of the figure T-l to the end points Rl-P, R2-P and R3-P 
of the line segments Rl, R2 and R3 is set to be (N-l) 2 r. 

Consequently, the sweep range of the figure T-l, i.e. , 
the cross -sectional shape of the boring hole H cut by the 
figure T-l, becomes an equilateral quadrilateral figure 
which is circumscribed on a circle having a radius N(N-2)r. 

The remaining affairs on the arrangement and function 
of the embodiment shown in Fig. 38 and Fig. 39 are identical 
to the embodiment of Fig. 1 through Fig. 8. 

Similar to the embodiment of Fig. 38 and Fig. 39, when 
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a figure P-l having a cross-sectional shape made up of five 
rods joined at the center as shown in Fig. 40 is manipulated 
to rotate and revolve in the same manner as explained in 
connection with Fig. 22 through Fig. 25, a square 
(equilateral quadrilateral) figure can be determined by the 
figure shown by the dashed line in Fig. 40 (the cutter of 
a equilateral pentagonal figure indicated by symbol P in Figs . 
22-25). 

Fig. 52 shows by block diagram an example of the system 
which carries out the embodiments shown in Fig. 1 through 
Fig. 40. 

The system indicated in its entirety by 100 includes 
a computer 110. The system further includes a display 

unit 112 which displays the result of process produced by 
the computer 110, a keyboard 114 which is used to enter data 
and other information, and a database 116 which stores 
various data. 

Next, the operation of the system 100 of Fig. 52 for 
determining a figure will be explained with reference to Fig. 
53 . 

According to the present invention, it is possible to 
determine various figures such as figures having vertexes 
connected by straight lines as explained in connection with 
Fig. 1 through Fig. 25, figures having vertexes connected 
by arcuate curves as shown in Fig. 26 through Fig. 31, and 
figures which are made up of closed regions of N in number 
formed by curves and symmetric with respect to the boring 
hole center (refer to Fig. 32 through Fig. 37). 
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Accordingly, in operating the system 100 of Fig. 52, 
it is necessary to choose a type of figure to. be determined: 
(step SI) . 

Following the selection of a type of figure to be 
determined in step SI, one of the determination schemes 
(scheme (A) , .(B) or (C) , or the scheme explained on Fig. 38) 
is specified: (step S2) . Specifically, a scheme which 

is most suitable for the operator is selected in 
consideration of the object of figure determination, 
situation, place, and other individual (case-by-case) 
conditions . 

Next to the setting of a type of figure to be determined 
and a determination scheme, parameters of figure 
determination (e.g., number of vertexes N, distance r, 
angular velocity co , etc. ) are entered through the keyboard 
114: (step S3). Then, the computer 110 implements the 

process ( explained in connection with Fig. 1 through Fig. 
51) (the progression of the flowchart with steps S4 and S5 
having determinations of "no"). 

Following the determination of a figure: (step S5: 
"yes"), the determined, figure is examined: (step S6). 
If it is found defective (step S6 : "no"), the processing 
steps S1-S5 are repeated. 

If the determined figure is found good: (step S6 : 
"yes"), the sequence proceeds to step S7 to carry out an 
intended process for the figure (e.g., conversion of the 
figure into data, transfer of the figure to the controller 
of a machine as shown in Fig. 39, etc.): (step S7). 
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It should be noted that the phrase "preparation for 
termination" used for the step S7 in Fig. 53 signifies that 
the process by the figure determination system 100 completes 
after the intended process for the determined figure, such 
as the conversion of figure into data or the transfer of 
figure to a machine controller, has ended, and the system 
100 is brought to a termination. 

Although specific embodiments have been described and 
illustrated, these embodiments do not limit the technical 
scope of the present invention. For example, although 

the above-mentioned embodiments are mainly of the 
determination of equilateral quadrilateral or equilateral 
pentagonal figures, the present invention is applicable 
extensively to the determination of arbitrary regular N- 
polygonal figures. 

Effect of the Invention 

According to the present invention as mentioned above , 
it becomes possible to fulfill the demand of boring of boring 
holes with regular N-polygonal shapes which has not been 
possible in the past, and yet the inventive technique can 
readily be put into practice. The present invention is 

not only useful for the boring of foundations, but is 
applicable to the boring of rocks and other sites. 



